Background: Detection of multiple acute brain infarcts (MABI) by diffusion weighted magnetic resonance imaging (DWI) may provide information about stroke mechanism in (1) acute lacunar stroke, where evidence of MABI suggests a cause other than small artery disease (SAD), such as embolism or vasculitis (type 1 MABI); or (2) acute non-lacunar stroke, where MABI in the territory of at least two of the aortic branches supplying the brain indicates the presence of aortic or cardiac embolism rather than artery to artery embolism (type 2 MABI). Objective: To evaluate the prevalence of MABI and their impact on aetiological classification and prevention of stroke in patients with acute ischaemic stroke examined with DWI. Methods: 182 consecutive patients defined by DWI were evaluated. Stroke aetiology was classified according to the TOAST criteria, though ''lacunar stroke'' included patients with possible aetiologies other than SAD. Results: Type 1 MABI were detected in 21/72 patients (29%) with lacunar stroke, and type 2 MABI in 8/ 110 (7%) with non-lacunar stroke. A possible stroke mechanism different from SAD was found in nine type 1 MABI cases (43%): cardiac embolism (4); other determined aetiology (3); aortic embolism (2). Cardiac (2) or aortic (1) sources of embolism were detected in eight type 2 MABI cases. MABI patients with cardiac or aortic sources of embolism were treated with warfarin, the remainder with aspirin. Conclusions: Detection of type 1 MABI in patients with lacunar stroke improved diagnostic confidence and the choice of antithrombotic treatment. Further study is needed on stroke prevention in MABI cases caused by SAD alone.
D
iffusion weighted magnetic resonance imaging (DWI) detects acute ischaemic infarcts of the brain within the first hour after the onset of symptoms and allows differentiation between acute and chronic lesions. [1] [2] [3] Apart from identifying the acute symptomatic lesion, DWI may reveal multiple acute brain infarcts (MABI) . 4 Such a finding is of particular interest in two circumstances: first, in patients with acute ischaemic lacunar stroke the detection of MABI suggests the presence of a stroke mechanism other than small artery disease (SAD)-such as embolism, vasculitis, or coagulopathy (type 1 MABI; fig 1) ; second, in patients with acute non-ischaemic lacunar stroke, DWI evidence of MABI in the territory of two aortic branches suggests that aortic or cardiac but not arterial embolism is the mechanism of stroke (type 2 MABI; fig 2) . Thus detection of MABI may improve both our knowledge of the aetiology of stroke and the preventive strategies.
We examined the prevalence of both MABI types in consecutive patients with first ever acute ischaemic stroke who underwent DWI of the brain, and evaluated their impact on the determination of the stroke aetiology and prevention.
METHODS
The Zürich ischaemic stroke registry has collected data prospectively from all patients admitted with a first ischaemic stroke (focal neurological deficit lasting >24 hours) to the department of neurology of the University Hospital of Zürich since August 1997. 5 In this paper we present an analysis of all inpatients who arrived within seven days after the onset of stroke symptoms, underwent DWI at the discretion of the treating physician, and were admitted between September 1999 and October 2001. During the same period, 232 inpatients and 205 outpatients with first ever stroke were registered.
A type 1 MABI was diagnosed if a patient with an acute lacunar stroke showed one or more other acute lacunar or non-lacunar brain infarcts on DWI. A type 2 MABI was diagnosed if a patient with acute non-lacunar stroke showed one or more further acute brain infarcts in the territory of another branch of the aorta. Consequently, type 2 MABI may be localised in the territories of the brachiocephalic trunk and the left common carotid artery, the brachiocephalic trunk and the left subclavian artery, or the left common carotid and the left subclavian arteries.
Patients who were being treated with intravenous or intra-arterial thrombolysis, who were included in studies evaluating glycoprotein IIb/IIIa receptor inhibitors or neuroprotective drugs, or who had suffered a iatrogenic stroke because of diagnostic or therapeutic interventions were excluded from the study. The severity of the presenting neurological deficit was assessed by the National Institutes of Health stroke scale (NIHSS). 7 Cardiological evaluation included a 12 lead electrocardiogram in all cases, while 24 hour Holter monitoring, transthoracic echocardiography, and transoesophageal echocardiography were carried out at the discretion of the treating physician.
Investigations
Cerebral arteries were investigated using ultrasound, done by experienced sonographers with colour duplex scanners (Acuson XP 10 or Sequoia, Mountain View, California, USA). A detailed protocol of the ultrasound studies is published elsewhere. 5 All patients underwent conventional magnetic resonance imaging (MRI) and DWI on a 1.5 T system with echo-planar imaging capability. Conventional MRI provided axial T1, T2, and proton density weighted images, and gadoliniumdiethylentriamine-pentaacetic acid enhanced T1 weighted images with a slice thickness of 5 mm. DWI was obtained in the transverse plane with a single shot, echo-planar, spinecho pulse sequence with TR (time of repetition) of 6500 ms, TE (time of echo) of 106 ms, one excitation, and b values (1000 s/mm 2 ). Diffusion gradients were applied simultaneously along the three axes (x, y, z). The analysis of DWI scans was done by KB and RWB and in case of disagreement; every DWI was discussed individually in order to reach agreement.
Classification of ischaemic strokes
With the exception of lacunar strokes (see below), ischaemic strokes were classified according to the criteria of the TOAST study (trial of Org 10172 in acute stroke treatment). 8 9 For correct TOAST classification, information from the DWI examination and on the presence of aortic plaques 10 was considered.
Atherothrombotic strokes are characterised by presentation with ischaemic stroke and .50% stenosis or occlusion of the supplying cerebral artery. Patients with aortic plaques of >4 mm diameter or mobile aortic thrombi located before the ostium of the left subclavian artery, but in whom no signs of cardioembolic and other determined aetiology of stroke were diagnosed at transoesophageal echocardiography, were also assumed to have atherothrombotic stroke. 10 Cardioembolic strokes are characterised by presentation with an ischaemic stroke and a potential cardiac source of embolism.
Lacunar strokes are characterised by presentation with (1) one of the traditional clinical lacunar syndromes (pure motor hemiparesis, pure sensory syndrome, sensorimotor syndrome, ataxic hemiparesis, and dysarthria-clumsy hand syndrome [11] [12] [13] [14] , and (2) either normal brain computed tomography/MRI or an appropriate subcortical or brain stem lesion of diameter ,1.5 cm. Patients fulfilling the abovementioned clinical and neuroradiological criteria, in whom an atherothrombotic, cardioembolic, or other determined stroke aetiology was found, were classified as suffering from non-SAD lacunar strokes. 5 Strokes with another determined aetiology refer to ischaemic strokes caused by arterial dissection, fibromuscular dysplasia, vasculitis, haematological disorder, migraine, and other rare forms of stroke.
Strokes of undetermined aetiology are ischaemic strokes where the underlying cause during diagnostic work up remains undetermined, or where there are multiple possible causes of stroke or an incomplete evaluation.
Statistical analysis
Statistical analysis was carried out with the ''Systat'' software package (Evanston, Illinois, USA). Differences between both types of MABI were compared by non-parametric analysis of variance (Mann-Whitney U test). Two sided p values of less than 0.05 were considered significant. 
RESULTS
We evaluated 182 white patients with their first ischaemic stroke (115 men, 67 women). Their mean (SD) age was 62 (15) years (range 19 to 90). Twenty four hour Holter monitoring was carried out in 75 (41%), transthoracic echocardiography in 118 (65%), and transoesophageal echocardiography in 80 (44%). The aetiology of the ischaemic strokes in all the patients studied, classified according to the modified TOAST criteria, is shown in table 1, and the presenting characteristics of patients with the various MABI types are shown in table 2.
MABI were found in 29 of 182 patients (16%), including type 1 MABI in 21 of 72 cases (29%) with lacunar stroke, and type 2 MABI in eight of 110 cases (7%) with non-lacunar stroke. NIHSS scores were significantly lower in MABI type 1. Other characteristics were equally present in both groups.
In nine of 21 type 1 MABI patients (43%) another possible aetiology in addition to SAD was detected as a cause of stroke, and in three of eight type 2 MABI patients (38%) (table 1).
All MABI patients with aortic plaques >4 mm (n = 3) or a cardiac source of embolism (n = 6) were treated with oral anticoagulants. This regimen was also prescribed for an 84 year old patient who presented with atrial fibrillation, a 70% carotid stenosis, a homolateral capsular stroke, and acute infarcts in the territories of the opposite middle cerebral and superior cerebellar arteries (type 1 MABI), who did not undergo carotid surgery because the stenosis was assumed to Values are n (%). *Patients had atrial fibrillation (n = 2), an artificial heart valve (n = 1), and a patent foramen ovale with atrial septal aneurysm (n = 1). ÀOne patient each had an extracranial vertebral artery dissection extending into the intracranial segment, an amyloid angiopathy, and a vasculitis.
be asymptomatic. The three type 1 MABI patients with signs of a possible stroke aetiology other than SAD received aspirin, as well as the remaining 12 of 21 type 1 MABI patients without signs of any other determined stroke aetiology apart from SAD. Additionally, in the MABI type 2 patient group of five patients with stroke of undetermined aetiology, aspirin was chosen as secondary prevention.
DISCUSSION
In this study the prevalence of type 1 MABI was 29% in patients with lacunar stroke, and the prevalence of both MABI types was 16% in all patients. One series reported 16% for MABI type 1, 4 while other investigators reported MABI in 17-29% of patients, without distinguishing between MABI type 1 and type 2. [15] [16] [17] The results of the present study do not differ markedly from those already reported.
Detection of type 1 MABI in patients with lacunar stroke suggests that SAD is an unlikely aetiology. 4 In fact, a recent study found a possible stroke aetiology other than SAD in eight of 10 type 1 MABI patients. 4 The aetiologies included cardiac embolism in four cases, atherothrombosis in three, and cocaine associated vasculopathy in one. 4 In the present study, 43% of type 1 MABI cases showed a potential cause of stroke other than SAD. It is unclear why there was such a difference in diagnosed stroke causes between the two studies. Generally, detection of the underlying aetiology of a stroke depends on the extent of the diagnostic work up, but the investigators did not report the type or the number of ancillary studies carried out, thus preventing any comparisons of the diagnostic work up. Conversely, in the present study more patients had transoesophageal echocardiography (44% v 5%), which may explain the greater number of cases in which potential aortic sources of embolism were identified. However, the present MABI patients were on average five years younger than those investigated in Ay's study. 4 It is well known that the prevalence of atherosclerosis and atrial fibrillation increases with age. 18 19 The data from this and previous studies 4 16 suggest that the detection of MABI in patients with lacunar stroke should be followed by an intensive search for a stroke mechanism other than small artery disease. The diagnostic gain of detecting type 1 MABI depends, however, on the extent of the diagnostic work up carried out before doing the DWI studies and will thus vary from centre to centre and among different physicians. It is also important to note that different causes of MABI-such as cardiac embolism, vasculitis, or coagulopathy-have not yet been shown to produce a specific pattern of brain infarcts.
In patients presenting with lacunar stroke and a possible cardiac source of embolism it is unclear whether the lacune results from SAD or embolism. However, the presence of MABI supports cardiac embolism as mechanism of stroke. Consequently, all type 1 MABI patients who also showed signs of a cardiac source of embolism were treated with warfarin. Aortic plaques located before the origin of the left subclavian artery and with a diameter of 4 mm or more (grade IV) are a risk factor for recurrent ischaemic stroke, 10 20 especially the non-calcified grade IV plaques. 21 The results of a prospective, non-randomised, and small scale study suggest that stroke prevention is more efficient with warfarin than with aspirin or ticlopidine. 22 Correspondingly, the European Stroke Initiative (EUSI) guidelines recommend warfarin in aortic plaques with a level IV grade of evidence. 23 We thus assumed that all type 1 and type 2 MABI patients with aortic grade IV plaques and no other possible cause of stroke had suffered from aortic embolisation to the brain and treated them with warfarin.
The prevalence of type 2 MABI was 7% in our patients with non-lacunar stroke. To our knowledge, no other study has reported such data. As mentioned above, three of eight type 2 MABI patients with a stroke aetiology that included cardiac and aortic sources of embolism were treated with warfarin. Thus the detection of type 2 MABI improved diagnostic confidence and guided stroke prevention in only a few patients. Such a weak diagnostic gain was also found in a recent study which used DWI to examine 107 patients with >70% carotid stenosis assumed to be symptomatic. 24 MABI located in both cerebral hemispheres were detected in two patients who were found to have atrial fibrillation on subsequent 24 hour Holter monitoring. Thus the carotid stenoses were no longer considered symptomatic, and no carotid endarterectomy or stenting was carried out.
Twelve of 21 type 1 MABI cases with no signs of a stroke aetiology other than SAD, and five of eight type 2 MABI patients with strokes of undetermined aetiology were treated with oral aspirin, but as cerebral embolism might be the underlying pathomechanism, a controlled stroke prevention study comparing different antithrombotic drugs in these patients is necessary.
The limitation of the MABI concept is that the it remains ambiguous whether or not multiple infarcts occur simultaneously. In acute ischaemic stroke, the apparent diffusion coefficient (ADC) of water decreases, which contributes to the increased signal on DWI. [25] [26] [27] In the subacute phase-that is, after about 7-14 days-the reduced ADC values return to baseline. 28 Because acute and subacute lesions appear hyperintense on DWI, we cannot exclude the possibility that consecutive instead of simultaneous ischaemic episodes occurred during this short period. Furthermore, a lacunar stroke could theoretically activate the coagulation system in patients with small artery disease and cause further lacunar infarcts and MABI. To our best knowledge, however, no study has investigated this issue.
In the present study information that is not included in the TOAST criteria was used for the aetiological classification of ischaemic strokes. Symptomatic brain infarcts associated with grade IV aortic plaques as the only possible stroke mechanism were classified as atherothrombotic strokes. 10 21 Furthermore, DWI findings were used to define the mechanism of stroke and the antithrombotic treatment. We 
